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Abstract. We analyze a map of the Galactic ridge X-ray emission (GRXE) constructed in the 3-20 keV energy 
band from RXTE/PCA scan and slew observations. We show that the GRXE intensity closely follows the Galactic 
near- infrared surface brightness and thus traces the Galactic stellar mass distribution. The GRXE consists of two 
spatial components which can be identified with the bulge/bar and the disk of the Galaxy. The parameters of these 
components determined from X-ray data are compatible with those derived from near-infrared data. The inferred 
ratio of X-ray to near-infrared surface brightness /3-20kcv(10~ 11 erg s^ 1 cm -2 deg _2 )/J3.5 Mm (MJy/sr)=0.26±0.05, 
and the ratio of X-ray to near-infrared luminosity I/3~20kcv/i3-4nm = (4.1 ±0.3) x 10 -5 . The corresponding ratio 
of the 3-20 keV luminosity to the stellar mass is L x /Mq = (3.5 ± 0.5) x 10 27 erg s _1 , which agrees within the 
uncertainties with the cumulative emissivity per unit stellar mass of point X-ray sources in the Solar neighborhood, 
determined in an accompanying paper (Sazonov et al.). This suggests that the bulk of the GRXE is composed 
of weak X-ray sources, mostly cataclysmic variables and coronally active binaries. The fractional contributions 
of these classes of sources to the total X-ray emissivity determined from the Solar neighborhood data can also 
explain the GRXE energy spectrum. Based on the luminosity function of local X-ray sources we predict that in 
order to resolve 90% of the GRXE into discrete sources a sensitivity limit of ~ 10 -16 erg s _1 cm -2 (2-10 keV) 
will need to be reached in future observations. 
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1. Introduction 

There are two major large-scale extended features in the 
X-ray sky (above 2 ke V): the almost un iform cosmic X- 
ray background (CXB. lGiacconi et alll96^ and an emisi- 
son concentrated toward the Galactic plane - the Galacti c 
ridge X-ray emission (GRXE, see e.g. lWorrall et al . 1982). 
While over the last two decades it has been firmly estab- 
lished that the CXB is a superposition of a large number of 
discrete ext ragalactic sources (n amely active galactic nu- 
clei, see e.g. lGiacconi et al J2002I) . the origin of the GRXE 
remains unexplained. 

Exploration of the GRXE by different observato- 
ries has revealed that it is concentrated near the in- 
ner Galactic disk, extending tens of degrees in longitude 
and a few degrees in l atitud e llCooke. Griffiths, fc Poundsl 



197(j IWorrall et all Il982t IWarwick et all Il985l 11981 



Yam auchi et al.l 119901). and likely has a central bulge- 
like c omponent fYamauchi fc Kovamal 1199*3 iRevnivtsevI 
120031) . The energy spectrum of the GRXE contains a num- 
ber of emission lines of highly ionized heavy elements, 
indicating that the emission shoul d be thermal with a 
temperature of up to 5-10 keV llKovama et al.l Il986l 
1982 lTanakall200a iMuno et al.ll2004l). The total GRXE 



luminosity has been estimated at ~l-2x!0 38 erg s 1 
fYamauchi fc Kovamalll993l: IValinia fe Marshalllll99^ . 

The GR XE has been detected at least up to 20-2 5 
keV energies l|Valinia fc Marshall 19*981 lRevnivtsevll2003|) . 
and its spectrum in the 3-20 keV range consists of a con- 
tinuum, which can be approximated by a power law of 
photon index T ~ 2.1, and powerful lines at 6-7 keV en- 
ergies. Also a detection of GRXE at energies >40 keV (at 
Gala c tic longitude I = 95) was reported (e.g. ISkibo et all 
Il997t IValinia fc Marshall 1 1998|) . but it now appears that 
those CGRO/OSSE measurements were strongly con- 
taminated by a few unresolved sources, including active 
galactic nucleus IGR J21247+ 5058 recently discove red by 
the INTEGRAL observatory (|Masetti et al.ll2004h . The 
IBIS telescope aboard INTEGRAL, capable of resolving 
point-like sources with flux >fewxl0 -11 erg s~ x cm~ 2 in 
crouded regions, has not detected the GRXE at energ ies 
above -40 keV l|Lebrun et alJl2004HTerrier et alJl2004|h 

Soon after discovery of the GRXE it was proposed 
that it might consist of a large number of weak Galactic 
X-ray point sources, e.g. quiescent low-mass and high- 
mass X-ray bina ries, cataclysmic variables, coronally ac- 
tive b i naries etc llWorrall et alJll982t IWorrall fc Marshalll 
1983; iKovama et all Il986t lOttmann fc Schmittl Il992t 
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Mukai fc Shiokaw al ll9931 . However, it was not possible to 
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Fig. 1. RXTE/PCA map of the sky around the Galactic plane in the energy band 3-20 keV. Contour levels are 
logarithmically spaced with a factor of 1.4, with the lowest contour corresponding to an intensity of 10 -11 erg s _1 
cm~ 2 dcg~ 2 . Map clearly exposes many bright point sources and an underlying unresolved emission 



draw a solid conclusion due to lack of detailed information 
about the space densities and X-ray luminosity distribu- 
tions of these classes of X-ray sources. 

Unless the GRXE is truly diffuse emission, it should 
eventually be possible to resolve it into a finite num- 
ber of discrete sources. As the sensitivity of X-ray tele- 
scopes has been increasing, a progr essively higher frac- 
tion of the GRXE has been resolved llWorrall et al.lll982t 
IWarwick et al.lfl985t ISugizaki et al.ll200lll However, even 
the deepest observations of Galactic plane regions by the 
currently operating Chandra and XMM-Newton observa- 
tories, in which point-s ource detection sensitivities F x > 
3 x 1CT 15 erg s" 1 cm" 2 (lEbisawa et alJl200lt lHands et all 
l2004t lEbisawa et alJ l2005h were achieved, resolved not 
more than 10-15% of the GRXE. This was regarded as 
a strong indication of the GRXE being truly diffuse. 

However, the hypothesis of diffuse origin of the 
GRXE m eets strong difficulties (e.g. iKovama et all 
19861 ISunvaev. Markeyitch. fc PavlinskT " Il993l 
Tanaka. Mivaii. fc Hasingerl Il999t iTanakal l20oi . The 
main problem is that the apparently thermal spectrum 
of the GRXE implies that the emitting plasma is so 
hot (~5-10 keV) that it should be outflowing from the 
Galactic plane. A large energy supply is then required to 
constantly replenish the outflowing plasma. 

Resolving the GRXE is additionally complicated by 
the fact that at fluxes near the present-day sensitivity 
limit (~ 10~ 15 erg s _1 cm -2 ) extragalactic sources out- 
number Galactic on es even in the Galactic plane (e.g. 
lEbisawa et~aTll2005|) . Since identification of weak sources 
detected in deep X-ray surveys of the Galactic plane is 
usually problematic and the CXB varies significantly on 
sub-degree angular scales, so far it has only been possible 
to place upper limits on the fraction of the GRXE resolved 
into Galactic X-ray sources (as mentioned above). 

The only place where Galactic sources dominate 
over extragalactic ones is the inner 10' of the Galaxy 
i Muno et al.ll2003(l and Chandra has resolved up to 30% 
of the "hard diffuse" em ission in certain parts of this 
region l|Muno et all 12004 region "Close" in this paper). 
Moreover, the flux-number distribution of Galactic X-ray 
sources detected in this Galactic Center survey shows no 
cutoff down to the Chandra detection limit, implying that 
at least an order of magnitude deeper observations will 



be needed to resolve the bulk of the hard X-ray emission 
from the Galactic Center if the source flux-number distri- 
bution continues with the same slope to lower fluxes than 
presently accessible. 

It is therefore worth considering alternative ways to 
solve the problem of the GRXE origin, in particular via 
studying its spatial distribution. The distribution of the 
GRXE over the sky is still poorly known, mainly because 
of its large extent (approximately 120° x 10°) and low 
surface brightness (<fewxl0 -11 erg s _1 cm~ 2 dcg~ 2 ). 
The investigat ion of the GRXE in the HEAO-1/A 2 ex- 
periment (e.g. Ilwan et al.lll982t IWorrall et all [l982) was 
significantly hampered by point source confusion, whereas 
instruments with much better spatial resolution were not 
able to cover a sufficiently large solid an gle of the sky (e.g. 
ISugizaki et nl.lEooillllnn.lsei mIJEhTI. 

In this paper we present a brightness distribution of 
the GRXE measured in the 3-20 keV energy band by the 
RXTE/PCA instrument and show that this distribution 
closely follows the near-infrared brightness of the Galaxy, 
known to be a good tracer of the stellar mass distribu- 
tion. We further compare the inferred Galactic ridge X-ray 
emissivity per unit stellar mass with the cumulative emis- 
sivity of point X-ray sources i n the Solar neighborhood, 
determined by ISazonov et all l|2005|) , and argue that the 
bulk of the GRXE is likely composed of weak discrete 
sources of known types. 

2. RXTE observations and analysis 

The best instrument so far for large-scale mapping of the 
X-ray (above 2 keV) sk y is the PCA spect rometer aboard 
the RXTE observatory l|Bradt et alJll993l) . It combines a 
large effective area (~ 6400 cm 2 at 6 keV) and a moder- 
ate field of view (~ 1° radius). The latter enables both 
to achieve a good coverage of the sky in the course of 
the mission (as compared to focusing instruments) and 
to alleviate the source confusion problem (as compared 
to X-ray collimators with larger fields of view). Over its 
10-year lifetime RXTE/PCA has performed a large num- 
ber of scan and slew observations over the whole sky, 
and we previously made use of these observations to cat- 
alog X-ray sources detected at high Galactic latit udes 
llRevnivtsev et a,lJl2004lls"azonov Kr. Revnivtsevll2004h and 
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to study the CXB l|Revnivtsev et alJl200^ . We now take 
advantage of the good coverage of the Galactic plane re- 
gion by RXTE/PCA to study the GRXE. 

We use the same set of observations and apply the 
same analysis as in Revnivtsev et al. (2004). Throughout 
the paper we will use only data from the first layers of 
all PCA detectors (PCUs) in the 3-20 keV energy band. 
The net exposure time of the utilized observations nor- 
malized to the single PCU effective area (~1300 cm 2 ) is 
approximately 29 Ms. 

2.1. Flux measurement uncertainties 

Apart from statistical uncertainties (photon noise), PCA 
measurements of X-ray flux are subject to systematical 
uncertainties. The current version of the RXTE/PCA 
software (LHEASOFT 5.2) enables an accuracy of back- 
ground (instrumental plus the CXB flux averaged over the 
whole sky) subtraction of ~ 0.02 — 0.03 cnts/s/PCU/beam 
in the 3-20 keV energy band, which corresponds to ~ 
2 x 10~ 13 erg s -1 cm" 2 de g~ 2 for a Crab-like spectrum 
(e.g. iMarkwardt et, afllSoO^. 

Another factor that needs to be taken into account 
in studying the GRXE (with subtracted contribution of 
bright point sources) is small-scale variations of the CXB 
intensity (mainly due to unresolved extragalactic sources 
within a 1-deg 2 field of view of the PCA), which intro- 
duces an rms uncertainty of 1.5 x 10~ 12 erg s" 1 cm~ 2 
deg -2 (3-20 keV) in meas uring the X-ray surface bright - 
ness in a given direction l|Revnivtsev et af1l2003j) . Note 
however that for most of the sky regions studied here this 
uncertainty does not exceed statistical errors. 

Almost everywhere in the Galaxy, except in the very 
central regions where we practically cannot study the 
GRXE because of high concentration of bright point 
sources, the interstellar gas column density does not ex- 
ceed ~ 2 - 3 x 10 22 atoms cm~ 2 . Photoabsorption in this 
gas attenuates the GRXE flux at 3-20 keV by less than 
5%. We neglect this small effect in the subsequent analy- 
sis. 

3. Map of the GRXE 

In Fig. ^ we present an X-ray intensity map of the sky 
around the Galactic plane convolved with the response 
of the PCA collimator (triang ular shape with a radius ~ 
1°, see lRevnivtsev et al.1120031) . The contour levels on this 
map are logarithmically spaced with a factor of 1.4, and 
the lowest shown level corresponds to an X-ray intensity 
~ 10~ n erg s _1 cm~ 2 deg -2 . 

The map clearly exposes many bright point-like 
sources and an underlying unresolved emission - the 
GRXE. Henceforth we reserve the term "GRXE" to de- 
scribe Galactic X-ray emission which cannot be resolved 
into discrete sources with flux higher than 10~ 12 erg s _1 
cm~ 2 . We note that the exact value of the limiting flux 
is unimpor tant unless it is higher than ~ 10 



-11-10.5 



erg 



s- 1 cm -2 l|Sugizaki et alJl200ll ISands et alJl2004h . This 



is explained by the fact that the density of sources with 
F x > 10~ 12 erg s _1 cm~ 2 is less than 1 deg -2 almost 
everywhere except in the central degree of the Galaxy. 

The GRXE was given its name because it was orig- 
inally detected as a prominent narrow (~ 1-2°) band 
of unresolved emission along the Ga lactic plane (e.g. 
iBleach et aflll972t IWorrall et alJll982|) . However, it has 
since then become more evident that the unresolved X- 
ray emission of the Galaxy contains both a disk-like 
and a bulge-like component l Yamauchi fc Kovamalll993l: 
iRevnivtsevI l2003j) . The exponential scale height of the 
disk c omponent of the GRXE is ~ 1.5° llWorrall et alJ 
11 982t IWarwick et all ll 98,4 lYama,uchi fc Kova,mal ll 993TT 
wher eas it is much larger for the Galactic bulge - up to 
3-5° l|Yamauchi fc Kovamalll993t lRevnivtsevll2003(L Both 
components can now be clearly seen on the RXTE map 
shown in Fig. 

We will now separately consider the bulge and disk 
components of the GRXE. 



3.1. Galactic bulge 

The observed intensity distribution of the GRXE in 
the Galactic Center region is strongly affected by the 
bright point sources located there. Therefore, in order to 
study the underlying GRXE we should mask out bright 
point sources. To this end we filtered out 1.5°-radius re- 
gions around point sources with flux higher then ~ 1 
cnts/s/PCU/beam^ 1.2 x 10~ n erg s _1 cm" 2 (this flux 
conversion corres ponds to the measured GRXE spectrum, 
iRevni vt se vl 12 3 ) . The catalog of detected point sources 
will be published elsewhere. This flux limit corresponds 
to a source luminosity L x ~ 10 35 erg s" 1 for a Galactic 
Center distance of 8.5 kpc. 

Since the number density of sources with flux higher 
than ~ 1 cnts/s/PCU/beam is quite high, we have 
practically no data left at |6| < 1 — 2° upon apply- 
ing the above filtering procedure (similar to the analy- 
sis of Revnivtsev 2003). At higher latitudes the number 
density of bright point sources dr ops significantly (e.g. 
iGrimm. Gilfanov. fc SunvaeT 20021 but the applied mask 
still severely reduces the coverage of the bulge. 

Relatively bright sources (L x > 10 34 erg s _1 , or F x > 
10~ 12 erg s _1 cm -2 ) below our filtering threshold might 
lead to significant deviations of the observed X-ray inten- 
sity map from the actual GRXE brightness distribution. 
However, as was already mentioned, the density of such 
sources is less than ~1 deg -2 (except in the central degree 
of the Galaxy) , while the typical int ensity of the G RXE is 
- lO" 11 erg s" 1 cm" 2 deg" 2 (e.g. ISugizaki et al.ll200l]) . 
We thus expect that our filtering criterion enables recover- 
ing the surface brightness distribution of the GRXE with 
approximately 10% accuracy. 

In order to construct an intensity profile of the bulge 
component of the GRXE along the Galactic plane we se- 
lected latitudes 3.0° < |6| < 3.5°, where the disk compo- 
nent of the GRXE is weak while the bulge component is 
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Fig. 2. Intensity profile of the bulge/bar component of 
the GRXE in the slice 3.0° < \b\ < 3.5° parallel to the 
Galactic plane. The shaded region indicates the measure- 
ment uncertainty including the 10% systematics described 
in the text. The dashed line is the best-fit model of the 
bulge/bar defined by parameters given in Tabled 
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Fig. 3. Intensity profile of the bulge/bar component of the 
GRXE perpendicular to the Galactic plane at |Z| < 4°. 
The shaded region indicates the measurement uncertainty 
including the 10% systematics. The dashed line is the best- 
fit model defined by parameters given in Tabled 



still relatively bright. Also an intensity profile of the bulge 
perpendicular to the Galactic plane was constructed from 
observations at |Z| < 4° excluding |6| < 1°. The resulting 
profiles are shown in Fig. [21 and Fig. [21 respectively. The 
shaded regions indicate the measurement uncertainties in- 
cluding the 10% systematics described above. One can see 
that the GRXE intensity profile is relatively symmetric 
with respect to the Galactic plane but is not symmetric 
along the plane with respect to I = 0. 

It is natural to compare the inferred morphol- 
ogy of t he GRXE bulge with the Galactic stellar 
bulge/bar fea.hr.all fc SnneirJTflRfllRlit.z fc Snergellll 99lt 



Table 1. Best- fit parameters of the bulge/bar and disk 
components of the GRXE. The quoted errors on the values 
are 90% statistical uncertainties. 



Parameter 


Value 


Bulge/bar 




29 ±6 


io,kpc 


3.4 ±0.6 


2/o, kpc 


1.2 ±0.3 


zo,kpc 


1.12 ±0.04 


ix.buigc, 10 37 ergs s _1 


3.9 ±0.5* 


X 2 /dof 


1.24 


Disk 


^idisk 


2.5(fixed) 


2Sun,pC 


19.5 ±6.5 


Zdisk,kpc 


0.13 ±0.02 


ix.disk, 10 37 ergs s _1 


~ 10* 


X 2 /dof 


0.93 



For this purpose 



* - without bright point sources 

IWtiland et alJlTflfli IPwek et afllTfl 

we use the analytic model o f the bulge /bar st ellar vol- 
ume emissivity developed by IPwek et al ] lll995l) . namely 
model G3 in this paper. This model is derived from the 
near-infrared surface brightness distribution of the Galaxy 
measured by COBE/DIRBE, which is believed to be a 
very good tracer of the stellar mass distribution. 

Let us parameterize the volume emissivity of the bulge 
component o f the GRXE simila rly as was done for the 
stellar bar bv lDwek et al.l l) 19951) . The observed intensity 
of the GRXE is proportional to the line-of-sight integral of 
the bulge/bar volume emissivity predicted by the model. 
Specifically, the X-ray flux F(l, b) measured within a solid 
angle dtt is given by 

F ( l ? b ) = ~£~f P{x 1 y,z)ds. 
The volume emissivity of the bar is given by 
Pbui ge (a;,2/, z) = po, bulged 1 ' 8 exp(-r 3 ), 

where 



r = 



2 / \ 2 

y \ I z 



ZQ 



1/2 



The major axes x and y of the bar are assumed to lie 
in the Galactic plane and the x axis is inclined by an angle 
a to our line of sight. 

Just by varyin g the normalization of the G3 model of 
IPwek et all §995) we obtain fairly good fits to the mea- 
sured GRXE intensity profiles, with reduced \ 2 ~ 1.3. 
This implies that the longitudinal asymmetry clearly ev- 
ident in Fig. [21 is a natural observational consequence of 
the (triaxial ellipsoid) bar inclined to our line of sight. The 
near end of the bar lies in the first Galactic quadrant. 

Allowing variations of the parameters we fitted the 
measured GRXE intensity profiles shown in Fig. [21 and 
Fig. in the ranges \l\ < 10° and 1° < |6| < 8°, respec- 
tively. The derived best-fit parameters are presented in 
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Tabic n These values agree very well with the p arameters 
of the stellar bar obtained bv lDwek et al.l l|l995|) . We show 
the best-fit longitudinal and latitudinal intensity profiles 
in Fig. Eland Fig. El 

It is necessary to note that the determined value of 
the total X-ray luminosity of the bulge given in Table ^ 
should be regarded with caution because our analysis did 
not involve detailed modelling of the innermost (cuspy) 
region of the bulge. 

3.2. Galactic disk 

The severe confusion problem in the Galactic plane region 
prevents us from constructing an intensity profile of the 
GRXE along the Galactic plane with subtracted contribu- 
tion of bright point-like sources. We can however construct 
a combined intensity distribution of the GRXE and bright 
point sources along the Galactic plane (within \b\ < 0.5°), 
as shown in Fig. ^ On this profile the contributions of 
discrete sources are seen as rapid (on angular scales ~ 1°) 
variations of the intensity. The GRXE manifests itself as 
an underlying smooth component. The statistical uncer- 
tainty does not exceed 10 -12 erg s _1 cm~ 2 deg -2 almost 
everywhere in the Galactic plane. 

Despite the strong contamination by bright discrete 
sources we can obtain important information about the 
properties of the GRXE disk from the longitudinal inten- 
sity profile shown in Fig. 01 



3.2.1. Longitudinal extent 

Following iBahcall fc Soneiral 

Kent. Dame, fc Faziol lll99llk iFreudenreichl 



Dchn en fc Binnevl ((1 

volume emissivity in the disk pd 



1980); 



1996); 



we can 



parameterize the 
k by two exponentials 
(of Galactocentric distance R and height above the disk 
plane z) with a central depression (parameter i? m ). At 
radii 7? < i? max the volume emissivity is given by 



Pdisk — Po.disk exp 



R-m 

~R 



R 



Rd 



isk 



•^disk 



(i) 



while pdisk = at R > R max . 

The very limited information that we have about the 
emissivity of the disk near the Galactic Center (due to 
bright source contamination) does now allow us to de- 
termine the parameter R m . We hence fixed it at the 
value R m = 3.0 kpc, which is approximately the size 
of the central stellar disk depression supposedly induced 
by the bulge/bar of ap proximately the same size (e.g. 
lFreudenreichlll996ill998|l . We note that a central disk de- 
pression within approximately R = 3.0 kpc is also evident 
on the G alactic plane map of 6.7 ke V line emission ob- 
tained bv lYamauchi fc Kovamal l|l993h . which is much less 
affected by bright point sources than the GRXE contin- 
uum map obtained by RXTE. 

In Fig. El we show a number of modelled disk inten- 
sity profiles: a) an infinite disk with an exponential scale 
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Fig. 4. Upper panel: X-ray intensity profile (in units of 
10~ n erg s^ 1 cm -2 deg~ 2 ) along the Galactic plane 
(|6| < 0.5). The dashed line shows a model of infinite 
exponential disk with scale length i?di S k = 2.0 kpc, the 
dotted line is a model with i?disk = 2.5 kpc, solid line 
is a model with i?disk — 2.5 kpc with disk truncation 
at i? max = 10 kpc. The thick solid line shows an inten- 
sity profile corresponding to a simple spiral structure of 
the Galaxy consisting of four logarithmic spirals with a 
pitch angle 15°. The intensity peaks manifest the tan- 
gents to the spiral arms. Lower panel: The solid line is 
again the X-ray surface brightness profile of the Galaxy 
(|6| < 0.5), the dashed line is the near-infrared surface 
brightness distribution measured by COBE/DIRBE (3.5 
/im) corrected for interstellar extinction and multiplied 
by a factor 0.26 x 10~ n erg s _1 cm~ 2 deg~ 2 (MJy/sr) -1 
(see text). The near- infrared map was convolved with the 
response of the RXTE/PCA collimator (~ 1°) 



length i?disk = 2.5 kpc (i? max = oo, dotted line), b) 
a disk with i?disk = 2.5 kpc truncated at i? max = 10 
kpc (solid line) and c) an infinite disk with i?disk = 2.0 
kpc (dashed line). Comparison with the measured sur- 
face brightness profile demonstrates that the first model 
provides the worst fit: it predicts too much emission at 
large distances from the Galactic Center. Both the infi- 
nite disk with i?disk = 2.0 kpc and the finite disk with 
i?disk = 2.5 kpc and i? max = 10 kpc match the observed 
profile much better. In the subsequent analysis we will as- 
sume that the GRXE disk has a scale length of i?disk = 2.5 
kpc and is truncated at R max — 10 kpc. These values 
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are very close to the parameters of the Galactic stellar 
disk ( e.g. lFreudenreichlll993 iBinnev. Gerhard, fc Spereel 
Il997t lFreudenreichlll99ct ~ 

The GRXE is not detectable with RXTE/PCA at 
longitudes |^| > 80°, with an upper limit ~ 3 x 10~ 12 
erg s _1 cm -2 deg~ 2 for any line of sight. We point out 
that measurement of the (weak) ridge emission at these 
longitudes by an instrument with poor angular resolu- 
tion can be strongly affected by the presence of rel- 
atively bright discrete sources. For example, the pub- 
lished CGRO/OS SE measurement of GRXE at / = 95° 
( Skibo et al.ll99'it is possibly dominated by emission from 
the active galactic nucleu s IGR J21247+5058 recently dis- 
covered by INTEGRAL l|Masetti et alJl2004h . 

3.2.2. Possible imprint of the disk spiral structure 

There are indications of the GRXE being asymmetric with 
respect to the Galactic Center. In particular the ridge 
emission appears stronger at I — —60° than at I — 60° (see 
Fig. Hand Fig.0J. This asymmetry is probably caused by a 
significant enhancement of the GRXE in spiral arms with 
respect to inter-arm regions. Such arm-interarm contrast 
of the volume emissivity is seen on near-infrared maps of 
stellar disks in spiral galaxies (e.g. iGonzalez fc Grahaml 
119961 IPrimmel fc Snergell 120011 The observed enhance- 
ment of the GRXE in the direction of I = —60° could 
then be a signature of the tangent to the Crux spiral arm. 
In Fig. 0] we show an example of GRXE longitudinal in- 
tensity profile corresponding to a Galactic disk with spiral 
structure (thick solid line). For this model we ass umed a 
simpl e four-logarithmic-arms spiral structure (e.g. IValled 
Il995l) with a pitch angle of 15°. The width of the spiral 
arms was assumed to be 600 pc, and the arm-interarm 
volume emissivity contrast was assumed to be 2.0. 

Summarizing all of the above we can conclude that 
the intensity of the disk component of the GRXE fol- 
lows the near-infrared brightness distribution of the 
Galaxy. To strengthen this conclusion we present in 
Fig. the near-infrared brightness profile of the 
Galaxy at |6| < 0.5° obtained by COBE/DIRBE 
(zodi-subtracted mission average map provided by the 
LAMBDA archive of the Goddard Space Flight Center, 
http://lambda.gsfc.nasa.gov). We have chosen the spec- 
tral band centered on 3.5/im, for which the interstellar 
extinction is fairly small, and made the simplest correc- 
tion f or the extinction using the map of interstellar HI 
gas of iDickev fc Lqckmanl l|l990|) and extinction law by 
iRieke fc Lebofskvl l|l985|) The infrared profile was addi- 
tionally convolved with the PCA collimator response. A 
very good correspondence between the GRXE and near- 
infrared intensity profiles is apparent. 

3.2.3. Vertical extent 

As was already mentioned, our study of the GRXE in 
the Galactic plane strongly suffers from the high density 




-5 

Galactic latitude, deg 



Fig. 5. GRXE intensity profile in the ~ l°-wide slide 
around I = 20.2° perpendicular to the Galactic plane. The 
solid line shows the best-fit model of the GXRE disk com- 
ponent (see text). The dashed line shows the near-infrared 
(3.5 /<m, extinction corrected) brightness distribution in 
units of MJy/sr multiplied by a factor 0.26. 



of bright X-ray sources and limited angular resolution of 
RXTE/PCA. Filtering out discrete sources in the Galactic 
plane greatly reduces the amount of data at \b\ < 1°. Only 
a few regions are suitable for studying the intensity profile 
of the GRXE perpendicular to the Galactic plane, with 
evidently the best place being the region around I ~ 20°. 
At this longitude th ere are no sources b righter than ~ 
10~ 12 erg s- 1 cm" 2 l|Sugizaki et al.ll200 ll) at b ~ 0° and 
no sources bright er than ~ 10~ n erg s" 1 cm" 2 away from 
the plane ( Molk ov et al.l 12004) . We present the vertical 
profile of the GRXE intensity at / = 20.2° (within a stripe 
of width - 1°) in Fig.0 

One of the most interesting features of the vertical pro- 
file is the displacement of its peak from b = 0°. The best- fit 
peak position is & pC ak = —0.15° ±0.02° (la statistical un- 
certainty). Using available scans across known persistent 
sources, including supernova remnants, we estimated that 
the systematic uncertainty in measuring fo pca k is smaller 
than ~ 0.03°. We therefore conclude that the observed 
displacement is real. A similar shift of the brightness 
peak was p reviously observed in a n e ar-infrared spectral 
band (e.g. iDiorgovski fc Sosinl Il989t iFreudenreich et alJ 
Il994t I Porcel. Battaner. fc Jimenez- Vicente! Il997ft . and it 
was suggested to arise from the elevation of the Sun above 
the disk plane. 

By fitting to the measured intensity profile at I = 20.2° 
the disk model given by equation , with the Sun eleva- 
tion above the Galactic plane as an additional parameter 
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(zsun) 5 we obtain the best fit shown in Fig. [S] by a solid 
line. The best-fit parameters are presented in Tabled 

The measured vertical profile of the X-ray disk vol- 
ume emi ssivity is very similar to that of t he stellar disk 
(see e.g. iBinnev. Gerhard, k. Sperge3ll997j) . To better il- 
lustrate this we show in Fig. 03 a vertical profile of the 
near-infrared brightness of the Galactic disk measured at 
the same Galactic longitude at wavelength 3.5 /zm (ex- 
tinction corrected). The COBE/DIRBE infrared map was 
convolved with the PCA collimator response. The agree- 
ment with the X-ray intensity profile is excellent. 

4. Summary of the GRXE map 

Below we summarize the findings of the previous two sec- 
tions. 

1. The GRXE consists of two major components - a disk 
and a bulge. 

2. The bulge/bar component of the GRXE can be well 
described by a triaxial ellipsoid similar t o that used 
for d escription of the Galactic stellar bar ijDwek et alJ 
1995). The best-fit parameters of the GRXE bulge/bar 
are fully compatible with those of the stellar bar. 

3. The vertical intensity profile of the disk component of 
the GRXE at I = 20° exhibits a significant offset with 
respect to b = 0°. This offset is compatible with that 
observed for the Galactic near-infrared (e.g. 3.5/im) 
brightness distribution and can be explained by the 
elevation of the Sun above the Galactic plane by ~ 20 
pc. 

4. The intensity profile of the disk component of the 
GRXE at I = 20° within \b\ < 4° can be described 
by an exponent with a scale height Zdisk = 0.13 ± 0.02 
kpc, which is compatible with the near-infrared bright- 
ness (i.e stellar mass) distribution of the disk (e.g. 
Binnev. Gerhard, fc Snergell Il997t iDehnen fc Binnevl 
1998). Further away from the Galactic plane where 
stellar near-infrar ed emission is still visible (e.g. 
lFreudenreicblll996(l . the RXTE/PCA sensitivity is not 
sufficient to detect the ridge emission. 

5. The longitudinal profile of the GRXE intensity is com- 
patible with the profile of near-infrared brightness of 
the Galaxy. It can be approximated by an infinite ex- 
ponential disk with a scale length i?disk = 2.0 kpc or 
by a finite disk with a scale length i?disk = 2.5 kpc and 
an outer boundary at i? ma x ~ 10 kpc. The inner stellar 
disk radius R m ~ 3.0 kpc is compatible with our data 
but cannot be constrained by these data. 

6. There are indications of asymmetry of the GRXE dis- 
tribution in the Galactic plane with respect to I = 0°. 
We propose that this asymmetry might be caused by 
the Galactic spiral structure. If this is the case, we ex- 
pect an arm-interarm contrast of the GRXE disk vol- 
ume emissivity of ~2— 3, as for the near-infrared sur- 
face brightness of stellar disks in spiral galaxies. The 
current observations do not allow us to place tight con- 
straints on the suggested spiral structure of the GRXE. 
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Fig. 6. Gray scale map and contours of isodensity of mea- 
surements of X-ray (3-20 keV, RXTE/PCA) and near- 
infrared (3.5 /mi, COBE/DIRBE) intensity in multiple sky 
regions. Discrete X-ray sources with flux > 1.5 — 2 x 10~ n 
erg s _1 cm~ 2 were masked. The solid line shows the 
linear correlation between near-infrared and X-ray in- 
tensities /3-20kcv(10 -11 erg s _1 cm~ 2 deg _2 )=0.26 x 
^3. 5/mi (MJy/sr), obtained from a vertical slice of the 
GRXE disk near I = 20.2° (see Fig. 01. The near-infrared 
and X-ray intensities for this slice are shown by crosses. 

7. The integral luminosities of the bulge and disk in the 
3-20 keV energy band are (3.9± 0.5) x 10 37 erg s" 1 and 
~ 10 38 erg s" 1 , respectively. The disk-to-bulge lumi- 
nosity ratio L x ,disk/ix, bulge ~ 2.5. This value agrees 
with the disk-to-bulge stellar mass ratio, indicating 
that the GRXE emissivitiy per unit mass is similar 
in the disk and in the bulge. We note however that 
a precise determination of the luminosities of the disk 
and bulge components as well as of their ratio would 
require an accurate modelling of the disk component 
across the Galaxy and of the bulge component near 
the Galactic Center, and such detailed modelling is 
not possible with RXTE/PCA data. 

Based on all these observational facts we can conclude 
that the GRXE surface brightness (at 3-20 keV) closely 
follows the near-infrared brightness of the Galaxy and thus 
the Galactic stellar mass distribution. 

To calculate the ratio of X-ray luminosity to stellar 
mass it is preferable to use the bulge/bar component of 
the GRXE, since it is explored with RXTE/PCA in more 
detail compared to the disk. Assuming a bulge /bar stel- 
lar mass of l-1.3xlO lo M l)Dwek et all Il995ft we find 
that the ratio of X-ray luminosity to stellar mass is 
L x /M© ~ (3.5 ± 0.5) x 10 27 erg s" 1 . The ratio of X- 
ray (3-20 keV) to near- infrared luminosity at 3.5 /xm 
(in the COBE/DIRBE band with a width -1 fim) is 
^3-20kcv/^3-4Aim = (4.1±0.5) x 10~ 5 . The latter estimate 
is based on the near-inf rared luminosity o f the bulge/bar 
£3-4 M m = 2.5 x 10 8 L o fowek et al.lll995l) . 
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Fig. 7. Top panel: RXTE/PCA map of the sky around the Galactic plane in the 3-20 keV band. The red con- 
tours show the COBE/DIRBE near-infrared map (3.5 fim) rescaled by a factor /3_20kcv(10 -11 erg s _1 cm~ 2 
deg _2 )//3.5 Aim (MJy/sr)=0.26 ± 0.05 and convolved with the PCA collimator response. The contour levels are log- 
arithmically spaced with a factor of 1.4, with the lowest contour corresponding to an X-ray intensity of 10 -11 erg s _1 
cm~ 2 dcg~ 2 . Lower panel: the same RXTE/PCA map with subtracted rescaled near- infrared map. Contour levels are 
the same as for the upper panel. 



To illustrate the nearly perfect correlation between 
the GRXE and the Galactic near-infrared brightness we 
show in Fig. a scatter plot of X-ray surface bright- 
ness vs. near-infrared brightness, constructed by divid- 
ing the sky into many small regions. To obtain this di- 
agram, detected point X-ray sources were masked and the 
infrared sky map, having much better angular resolution 
than the X-ray map, was convolved with the response of 
the RXTE/PCA collimator. The scatter plot is shown as 
a gray scale map of density of measurements with super- 
posed isodensity contours. The density is calculated within 
boxes of size (3MJy/sr)x (1.5 xlO" 11 erg s _1 cm -2 deg -2 ). 
The observed stripe of enhanced density signifies the cor- 
relation of near-infrared and GRXE intensities. The ver- 
tical width of the stripe can be fully accounted for by the 
uncertainty of X-ray measurements. 

The one-to-one correspondence between the GXRE 
map and the Galactic near-infrared brightness map per- 
mits to express GRXE intensity through infrared intensity 
at wavelength 3.5/xm for any line of sight: /3_20kev(10 -11 
erg s" 1 cm" 2 deg~ 2 ) = (0.26±0.05) x 7 3 . 5pm (MJy/sr). This 
linear relation is derived by fitting the vertical slice of the 
GRXE at I — 20° to the corresponding profile of near- 
infrared surface brightness (see Fig. and is shown in 
Fig. El (solid line) together with individual measurements 
for the I = 20° slice (crosses). 

The above discussion suggests that the extinction 
corrected COBE/DIRBE near-infrared (3.5/im) map of 
the sky should be nearly identical to the GRXE map 
upon scaling by a factor 73_ 2 okev(10 -11 erg s _1 cm~ 2 
deg- 2 )// 3 .5 Mm (MJy/sr)=0.26. Fig. demonstrates that 
this is indeed the case. Subtracting the rescaled near- 



infrared map from the observed X-ray brightness map of 
the Galaxy (Fig. upper panel) leaves only point-like X- 
ray sources (Fig. lower panel) . 

5. Broad-band spectrum of the GRXE 

The infrared brightness of the Galaxy sharply rises within 
10' of the Galactic Center (Sgr A*) because of the so- 
called nuclear stellar cluster ( e.g. iGenzel fc Towneslll987t 
lLaunhardt. Zvlka. fc Mezgerl |2002|) . We showed above 
that regardless of the origin of the GRXE its surface 
brightness traces the near-infared surface brightness. One 
may therefore anticipate a sharp rise of the GRXE in the 
inner 10' of the Galaxy. Such an X-ray intensity spike has 
indeed been observed with Chandra IjMuno et alJl2003|) 
and it was demonstrated that the total X-ray flux from 
the inner 10' of t he Galaxy is not dominated by brigh t 
point sources (e.g. lMuno et al.l2003tlNeronov et al.l2005h . 

If observed by a hard X-ray telescope with moderate 
angular resolution, such as IBIS aboard INTEGRAL (an- 
gular resolution 12'. IWinkler et al-lEoO^ . the GRXE cen- 
tral cusp will be perceived as a point-like source in the 
Galactic Center. The total flux from this source, assum- 
ing that the ratio of the GRXE emissivity to the stellar 
mass (L k /Mq) is the same as in the other parts of the 
Galaxy, will be determined by the total mass of the nu- 
clear stellar cluster. The innermost 30 pc (corresponding 
to 12' at the Galactic Center distance) of the Galaxy en- 
close M cusp ~ 10 8 M Q of stars. This predicts a 3-20 keV 
luminosity of L x ~ 3.5 x 10 27 A/ cusp ~ 4 x 10 35 erg s™ 1 . 

If we further assume that the GRXE spectrum in the 
3-60 keV range is a power law with a photon index T = 2.1 
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(as measured in the 3 -20 keV range fo r the bulge com- 
ponent of the GRXE. Irlevnivtsevl 12003). we can roughly 
predict the hard X-ray luminosity (20-60 keV) of the 
GRXE from the central cusp: L20-60kcV, estimate ~ 2 x 10 35 
erg s _1 . This proves to be only a factor of 2 less than 
the hard X-ray luminosity of the Galactic Center "point 
source" measured by INT EGRAL /IBIS l|Neronov et all 
1200.4 IBelanger et aTll2005h . which may be considered a 
good agreement in view of uncertainty concerning the 
mass of the nuclear stellar cluster and the solid angle sub- 
tended by the INTEGRAL source. This also leaves open 
the possibility that the GRXE from the nuclear region of 
the Galaxy, which is known to be peculiar in many re- 
spects, may be somewhat different from the rest of the 
Galaxy. 

Given the good correspondence between the predicted 
hard X-ray flux from the central stellar cusp (based 
on the correlation between the GRXE and the Galactic 
stellar mass) and the measured flux from the Galactic 
Center hard X-ray source, it is interesting to attach the 
INTEGRAL/IBIS spectrum of the Galactic Center source 
at energies above 20 keV to the spectrum of the large-scale 
GRXE measured below 20 keV by RXTE/PCA. Both 
spectra need to be normalized to the same stellar mass. We 
show in Fig. |H1 the resulting combined spectrum covering 
a broad energy range from 3 to ~ 100 keV. This spectrum 
may to a first approximation be regarded as a broad-band 
spectrum of the GRXE. However, one should keep in mind 
the possibility that the actual hard X-ray spectrum of the 
GRXE from regions away from the Galactic Center may 
prove somewhat different, since the Galactic Center is a 
peculiar region. 

6. Galactic ridge X-ray emission as a 
superposition of point sources 

In the previous sections we presented evidence that the 
GRXE volume emissivity traces the Galactic stellar den- 
sity and estimated the ridge X-ray emissivity (3-20 keV) 
per unit stellar mass as L x ~ (3.5±0.5) x 10 27 erg s^Mq 1 . 
It is interesting to compare this number with the cumula- 
tive X-ray emissivity of known classes of X-ra y sources. 

It is known (see e.g. ISazonov et alJ 12005^ that there 
is a clear tendency of spectral hardening with increas- 
ing source luminosity. Specifically, the weakest known X- 
ray sources (< 10 31 erg s _1 ) are characterized by multi- 
temperature thermal spectra peaking in the soft X-ray 
regime (stellar co ronal sources, see e.g. ISchmitt et all 
ll990UGudelll2004l) . while the brightest sources contribut- 
ing to the GRXE (~ 10 33 ~ 34 erg s" 1 ) have very hard spec- 
tra with significant en ergy output above 10 keV (inter- 
medi ate polars, see e.g. lSuleimanov. Revnivtsev. fc Ritterl 
2005). Therefore, it is important to consider the same en- 
ergy band (3-20 keV) as was used in our GRXE study. 

We have recently used the RXTE slew survey of the 
sky at high Galactic latitude to construct an X-ray (3- 
20 keV) luminosity function of nearby (~ 1 kpc) sources, 
covering a broad range in luminosity from coronally ac- 
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Fig. 8. GRXE broad-band spectrum (squares) and spec- 
tra of its main contributors divided by 2 for clarity. The 
data points in the 3-20 keV band (RXTE/PCA) were con- 
verted to unit-stellar-mass emissivity (based on the corre- 
lation of the GRXE with the near-infrared brightness, see 
text). The data points in the 20-100 keV band show the 
spectrum of the Galactic Center source IGR J 17456— 2901 
measured by INTEGRAL/IBIS divided by the estimated 
total mass in stars (~ 10 8 M Q ) contained in the nuclear 
region (-30 pc around Sgr A*). The INTEGRAL/IBIS 
spectrum was additionally multipled by a factor 0.6 to 
match the RXTE/PCA spectrum near 20 keV. Also shown 
are typical spectra of X-ray source classes expected to sig- 
nificantly contribute to the GRXE: intermediate polars 
(V1223 Sgr, filled circles), polars (AM Her, open circles), 
dwarf novae (SU UMa, triangles), and coronally active 
binaries (V711 Tau). These spectra are plotted with nor- 
malizations corresponding to their expected relative con- 
tributions to the GRXE (derived from the local statis- 
tics of X-ray sources) divided by 2 (for better visibility) . 
The individual source spectra were obtained by the instru- 
ments PCA (3-20 keV) and HEXTE (20-100 keV) aboard 
RXTE. The shaded region shows a sum of these spectra 
reflecting uncertainties in the individual spectra and their 
relative weights. 



tive s tellar binaries to white dwarf binaries I Sazonov et alJ 
l2005h . Based on this luminosity function it is straightfor- 
ward to estimate the contribution of point sources to the 
GRXE measured by RXTE in the same spectral band. 

The total 3-20 keV emissivity of local Galactic X-ray 
sources per unit stellar mass L K> \ oca i/M = (5.3±1.5) x 10 27 
erg s" 1 Mq 1 or (6.2 ±1.5) x 10 27 erg s _1 M" 1 , if the con- 
tribution of young coronal stars is excluded or included, 
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respectively l|Sazonov et alJl2005|) . The bulk of the local 
X-ray emissivity is produced by coronally active late-type 
binaries and cataclysmic variables. These classes of sources 
represent relatively old stellar populations and their num- 
ber density is thus expected to closely trace the overall 
stellar density in the Galaxy. On the other hand, the rel- 
ative fraction of young stellar objects is expected to vary 
strongly from one Galactic region to another, so their 
locally estimated emissivity may not well represent the 
Galaxy as a whole. We find that the local X-ray emissivity, 
excluding the (small) contribution of young coronal stars, 
agrees within the uncertainties with the GRXE emissivity, 
(3.5 ± 0.5) x 10 27 erg s -1 ^ 1 , found in this paper. This 
suggests that the bulk of the GRXE may be composed 
of weak X-ray sources of known classes, mostly coronally 
active binaries and cataclysmic variables. 

If the GRXE is indeed superposed of known popula- 
tions of X-ray sources, then its energy spectrum must be a 
sum of the spectra of these sources. In Fig. [5] we compare 
the measured spectrum of the GRXE with typical spectra 
of those classes of sources that are expected to contribute 
significantly to the GRXE. Also a composite spectrum is 
shown (the dashed region) , which is a weighted sum of the 
individual spectra. The weights describing the fractional 
contributions of different types of sources wer e fixed at 
the values determined bv lSazonov et alJ l|2005h for X-ray 
sources in the Solar neighbourhood, namely intermediate 
polars : polars : dwarf novae : coronally active binaries - 
1:0.2:0.6:2.0. As can be seen in Fig. EI the composite spec- 
trum turns out to be very similar to the GRXE spectrum. 

7. On the way of resolving the GRXE 

It is impossible to place strong constraints on the con- 
tribution of truly diffuse emission to the GRXE based 
on the X-ray luminosity function of local sources. First, 
there remains significant uncertainty as concerns the lo- 
cal Galactic X-ray volume emissivity. But even if future 
dedic ated survey missions like ROSITA fe.g lPredehl eTal 
2003| will determine this quantity more accurately, there 
will still remain significant uncertainty owing to the fact 
that the locally determined unit-stellar-mass X-ray emis- 
sivity may represent other parts of the Galaxy only ap- 
proximately. 

It appears that the only possibility to tightly con- 
strain the possible contribution of truly diffuse emission 
to the GRXE is to detect the weakest point sources at 
~ 10 kpc distances and to subtract their contribution from 
the GRXE. In pursuing this goal, one will likely face the 
following observational challenges. 

7.1. Surface brightness limit 

Far away from the Galactic Center and the Galactic plane 
the GRXE is characterized by low surface brightness. It 
may be anticipated that below a certain intensity level the 
GRXE will be lost in the cosmic variance or small scale 
fluctuations of the CXB. 



This implies that it should be difficult to study the 
GRXE in regions characterized by surface brightness less 
than ~ 10~ n erg s _1 cm~ 2 deg~ 2 (CXB intensity is ~ 
2 x 10~ n erg s _1 cm~ 2 deg -2 ). Higher GRXE surface 
brightness is observed only in the Galactic plane and in 
the Galactic bulge/bar. The best observational target in 
this respect is the Galactic Center region, but there the 
confusion limit may become a problem. 

7.2. Confusion limit 

In regions of very high GRXE surface brightness (e.g. the 
Galactic Center region), the surface density of Galactic 
sources can be very high and observations may be ham- 
pered by the confusion limit. For example, observation 
with Chandra, with its excellent angular resolution (~ 1"), 
of the Galactic Center region will become confusion lim- 
ited if the surface density of sources increases by a factor of 
~40 (to ~ 50 sources arcmin~ 2 ) compared to published 
observations l|Muno et al.ll2003|) . 

7.3. Sensitivity limit 

The observational sensitivity should be aimed to enable 
the detection of sources contributing more than e.g. 80- 
90% of the total X-ray luminosity of discrete Galactic 
sources (excluding bright X- ray binaries). U s ing th e cumu- 
lative luminosity function of lSazonov et alJ l|2005|) we can 
estimate that sources with luminosities down to L x ~ 10 30 
erg s _1 will need to be detected. For the Galactic Center 
region, where most sources dominating the total flux are 
located at the Galactic Center distance (~ 8.5 kpc), it will 
be necessary to achieve a sensitivity limit of ~ 10~ 16 erg 
s _1 cm -2 , wh ich is a factor of ~ 13 improvement over the 
current limit l|Muno et alJl2003|) . 

We can also assess the required sensitivity for a given 
Galactic plane region using our model of the Galaxy (sec- 
tion 3.2 ) and the luminosity function of Galactic X-ray 
sources l(Sazonov et al J 120051) . We use the Galactic plane 
region at I = 20° as an example. The resulting cumula- 
tive number-flux function and cumulative X-ray surface 
brightness as a function of flux are presented in Fig. 
These dependencies were calculated for the standard 2- 
10 keV band to faciliate comparison with X-ray missions 
such as Chandra and XMM-Newton. Note that the rela- 
tive contributions of different classes of sources are sensi- 
tive to the choice of energy band. In particular, the con- 
tribution of coronally active binaries to the GRXE at 2- 
10 keV is expected to be more important compared to 
the 3-20 keV band (see e.g. Fig. [SJ. Also it should be 
noted that one should be careful while comparing the pre- 
sented figure with CHANDRA results, because the effec- 
tively sensitive energy band of CHANDRA does not con- 
tinue to energies higher than ^5 — 6 keV. 

It follows from Fig. [§] that in order to resolve most 
of the GRXE into discrete sources and place tight con- 
straints on the contribution of truly diffuse emission to 
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Fig. 9. Upper panel: Predicted number-flux function 
of Galactic (solid line) and extragalactic (dashed line) 
sources in the 2-10 keV energy band in the direction 
I = 20, b = 0.0. The numbe r-flux function of ext ragalac- 
tic sources is adopted from iMoretti et alJ l|2003j) . Lower 
panel: Cumulative surface brightness distribution for the 
same populations of sources. Shaded region reflects uncer- 
tainties in the Galactic X-ray volume emissivity 

the GRXE it is necessary to reach point source flux limits 
~ io~ 16-16 - 5 erg s _1 cm~ 2 . Interestingly, such sensitiv- 
ity is not unfeasible for Chandra (XMM-Newton will be 
strongly limited by confusion already at fluxes ~ 10 -15 
erg s _1 cm -2 ). Similar sensitivities were a lready achieved 
in deep surveys of extraga lactic fields (e.g. lGiacconi et all 
120021 IMoretti et alJliool . Moreover, the predicted num- 
ber density of sources above the required flux limit (~ 



5 x 10 4 deg -2 , Fig. El upper panel), will not create a con- 
fusion problem for Chandra. 

At higher energies (> 20 keV) lower sensitivities are 
needed, ~ iq-14-13.5 er g g- 1 cm -2 . This follows from the 
fact that according to the picture presented here the dom- 
inant contribution to the GRXE at these energies likely 
comes from polars and intermediate polars with high lu- 
minosities (L x ~ 10 32-34 erg s _1 ). The surface density of 
such sources will be 10 3-4 deg -2 . Both the required sensi- 
tivity and angular resolution should be achievable with the 
proj ected focusing hard X-ray telescopes, e.g. NuSTAR 
(e.g. lHarrison et al1l2004|) . 

8. Conclusions 

— In this paper we have shown that the 3-20 keV map of 
the GRXE closely follows the near-infrared (3.5 yum) 
brightness distribution of the Galaxy and thus traces 
the Galactic stellar mass distribution. 

— The GRXE map reveals the presence of the Galactic 
bulge/bar in the inner 3-4 kpc. The parameters of the 
bar determined from the X-ray data are fully compat- 
ible with those obtained from near-infrared observa- 
tions. 

— We demonstrated that the point-like source IGR 
J17456— 2901 in the Galactic Center observed by 
INTEGRAL/IBIS is likely concentrated GRXE from 
the innermost ~ 10'. We used this fact to extend the 
GRXE energy spectrum up to 100 keV. 

— Comparison of the GRXE luminosity per unit stellar 
mass with the cumulative emissivity of X-ray sources 
in the Solar neighborhood suggests that the bulk of 
the GRXE is likely superposed of emission from weak 
Galactic X-ray sources, mostly cataclysmic variables 
and coronally active binaries. 

— The GRXE energy spectrum in the 3-100 keV range 
can be explained as a composition of spectra of differ- 
ent X-ray source classes weighted in accordance with 
their relative contributions to the local X-ray emissiv- 
ity. 

— Based on the model of Galactic stellar mass distribu- 
tion we predict that in order to resolve ~ 90% of the 
GRXE in the 2-10 keV band into discrete sources, it 
will be necessary to achieve a flux limit ~ 10 -16 erg s -1 
cm -2 . This sensitivity is within Chandra capabilities. 

— For the hard X-ray regime (20-100 keV) the require- 
ment to sensitivity is much less strict, since the domi- 
nant contributors to the GRXE in this energy band are 
intermediate polars and polars with relatively high X- 
ray luminosities. The required flux limit ~ io -14 ~ 13 - 5 
erg s _1 cm -2 can be achieved by next-generation hard 
X-ray telescopes. 
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